We report on the observation of field effect transistor (FET) behavior in electrospun camphorsulfonic acid doped polyaniline(PANi)/polyethylene oxide(PE0) nanofibers.
Beginning with the initial discovery of conducting polymers three decades ago ', intense research in this area has led to all plastic electronic device^^'^. Technologically the most important polymer device fabricated and studied is the field effect transistor ( E T ) as it forms the basic building block in logic circuits and switches for displays. The fabrication (laying down of the active semiconducting channel) of polymer FET's has changed little since their initial discovery6. These fabrication techniques include direct electrochemical polymerization of the semiconducting polymer on the electrodes6, the use of soluble or precursor materials (spin coating) that undergo subsequent chemical reactions to yield the active semiconducting l a~e r~-~ and the use of vapor deposition techniques of the semiconducting layer . The devices thus fabricated have a planar 2-D geometry.
2, lO-11 In this paper we present experimental observation of field effect transistor behavior in doped polyaniline/polyethylene oxide (PANi/PEO) nanofibers. We describe a technique called electrospinning to electrostatically lay down the active semiconducting polymer on prepatterned doped Si/SiOz substrates, where the oxide thickness was 200 nm. The fundamental difference in this method is that the semiconducting polymer is a nanofiber and so the device has a 1-D geometry similar to devices made from carbon nan~tubes'~-'~. Since electrospinning can be used in the controlled assembly of parallel periodic fiber mays14 this technology is attractive for fabricating low-cost logic and switching circuits based on conducting polymers.
Although discovered in the 1 9 3 0 '~'~ electrospinning is increasingly becoming very popular in the preparation of polymer fibers either in the form of individual fibers or non-woven fiber mats16-17. In the present work, 100 mg of emeraldine base PANi was doped with 129 mg of camphorsulfonic acid (HCSA) and dissolved in 10 ml CHC13 for a period of 6-8 hours. The resulting deep green solution was filtered and 20 mg of PEO having molecular weight 900,000 was added to the solution and stirred for an additional 2 hours. PEO was added to assist in fiber formation. Prior to electrospinning, this solution was filtered using a 0.45 pm PTFE filter to give a homogenous solution. About 1 ml of the solution was placed in hypodermic syringe that was mounted a few degrees below horizontal and the needle connected to 8 kV with the cathode (A1 foil) situated about 20 cm from the tip of the needle. Figure 1 shows the basic elements of the electrospinning apparatus. As electric forces on the polymer droplet at the end of the needle overcome the surface tension a jet is issued forth. As the solvent evaporates, fibers of the polymer are seen to collect on the cathode. Individual fibers were collected by passing the patterned Si/SiO2 wafer in the path of the jet for a few seconds. The fibers were seen to firmly adhere to the substrate. This excellent adherence is largely due to the low surface energy of polyaniline (44 dynedcm) relative to that of the substrate. However, it is also likely that the nanofibers are highly charged as they impinge on the surface. obtain Vth (82V). Using the above equations we calculate the hole mobility to be 1.4 x 10-cm2/V s in the depletion mode. The mobility seems to be low given the high conductivity of the fiber but is similar to earlier reports on conducting polymer based . It could also be a result of scattering due to defects or disorder at the fibedgate-oxide interface due to roughness as the fiber conforms to the topography of the surface21. The one-dimensional hole density (at VG=O) can be obtained by calculating the total charge on the fiber as Q = CV,. We find the density of charge along the fiber p = 
